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&HOOVKDUYHVWHGHYHU\KYLDSHULWRQHDOODYDJHIURPIRXU&%/PLFHNHSW
LQFRQVWDQWGDUNQHVVZHUHPDJQHWLFDOO\SXULILHGIRU&'EVXUIDFHH[SUHVVLRQ7KUHHLQGLYLGXDO51$VDPSOHVRIHDFKWLPHZHUHSRROHG
DQG VXEMHFWHG WR JOREDO JHQH WUDQVFULSWLRQPHDVXUHPHQW E\ XVLQJ$II\PHWUL[PLFURDUUD\V&LUFDGLDQ RVFLOODWLRQ RIHo-1 WUDQVFULSW LV
VLJQLILFDQWS&LUF:DYHEHo-1P51$OHYHOVGRQRWRVFLOODWHLQSULPDU\KHSDWRF\WHVIURPBmal1-/- PLFHHo-1P51$OHYHOV
LQ KHPLQ DQG&R33,; WUHDWHG P0HDFK SULPDU\ KHSDWRF\WHV IURPBmal1-/- PLFH&HOOV ZHUH GH[DPHWKDVRQHV\QFKURQL]HG DQG
KDUYHVWHGDIWHUKRXUDQGKRXUVZKLFKFRUUHVSRQGWRWURXJKDQGSHDNRIHo-1P51$OHYHOVLQZLOGW\SHFHOOVVHH)LJE'DWD
DUH QRUPDOL]HG WRGapdh H[SUHVVLRQDQG SUHVHQWHG UHODWLYH WRPHDQ H[SUHVVLRQ LQ XQWUHDWHG FHOOV*LYHQ DUHPHDQV VG RI WKUHH
LQGHSHQGHQWVDPSOHVF&RQVHUYHG(ER[EOXH LQPRXVHUDWDQGKXPDQHo-1SURPRWHUVFORVHWKHWUDQVFULSWLRQVWDUWVLWH\HOORZ
DQG VWDUW RI FRGLQJ UHJLRQ UHG G Ho-1 P51$ OHYHOV DUH UHGXFHG LQ XQV\QFKURQL]HG SULPDU\ KHSDWRF\WHV IURP Bmal1-/- PLFH
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SUHVHQWHGUHODWLYHWRPHDQH[SUHVVLRQ LQZLOGW\SHFRQWUROFHOOV*LYHQ LVPHDQVGRI WKUHHLQGHSHQGHQWVDPSOHVF&2GRHVQRW







D &LUFDGLDQ RVFLOODWLRQ G\QDPLFV RI V\QFKURQL]HG SULPDU\ ILEUREODVWV RI Ho-1-/-

PLFH +R.2 RU ZLOGW\SH OLWWHUPDWHV +R:7
OHQWLYLUDOO\WUDQVGXFHGZLWKDBmal1SURPRWHUOXFLIHUDVHUHSRUWHUFRQVWUXFW6KRZQDUHWZRUHSUHVHQWDWLYHH[DPSOHVRIUDZGDWDXSSHU
SDQHODQGGHWUHQGHGORZHUSDQHOWLPHVHULHVIRUHDFKJHQRW\SH1RWHWKHDEVROXWHOLJKWOHYHOVVOLJKWO\GHFUHDVHXSRQHo-1NQRFNRXW
FRQVLVWHQW ZLWK WKH RYHUDOO VOLJKWO\ ORZHUBmal1 WUDQVFULSW OHYHOV FRPSDUH)LJ D E +HPH R[\JHQDVH DFWLYLW\ LQ ILEUREODVWV ZLWK








GDWD WLPHVHULHV)RUGHWUHQGHGWLPHVHULHVDQGSHULRGTXDQWLILFDWLRQVHH)LJ D1RWH WKDW WKHDEVROXWH OLJKW OHYHOVGHFUHDVHXSRQ
Ho-2NQRFNGRZQFRQVLVWHQWZLWKWKHRYHUDOOLQFUHDVHLQRev-ErbDOHYHOVDQGWKXVSXWDWLYHO\ORZHUBmal1WUDQVFULSWOHYHOVFRPSDUH)LJ
E E &2 SDUWO\ UHVFXHV WKH ORQJ SHULRG RVFLOODWLRQV LQ KHPH R[\JHQDVH GHSOHWHG FHOOV &LUFDGLDQ RVFLOODWLRQ G\QDPLFV RI
V\QFKURQL]HG SULPDU\ ILEUREODVWV IURPHo-1-/- PLFH OHQWLYLUDOO\ WUDQVGXFHGZLWK L VK51$ FRQVWUXFWV WDUJHWLQJHo-2 DQG LL DBmal1
SURPRWHUOXFLIHUDVHUHSRUWHUFRQVWUXFW&HOOVZHUHFRQWLQXRXVO\WUHDWHGZLWK&2RU16KRZQDUHUHSUHVHQWDWLYHH[DPSOHVRIUDZ
GDWDWLPHVHULHV)RUGHWUHQGHGWLPHVHULHVVHH)LJFF([RJHQRXV&2WUHDWPHQWKDVQRHIIHFWRQRVFLOODWLRQG\QDPLFVRIZLOGW\SH

















D 0HDQ ORFRPRWRU DFWLYLW\ RIDrosophila PDOHV DQDO\VHG LQ  KU OLJKW  KU GDUN FRQGLWLRQV IRU  GD\V $ GLIIHUHQW dHo-RNAi
FRQVWUXFW LQVHUWHGHLWKHURQFKURPRVRPH3 UAS-dHo-RNAi:R1RUFKURPRVRPH2 UAS-dHo-RNAi:R3ZDVHLWKHUGULYHQ LQDOOFORFN
FHOOV timeless-gal4 tim > 3')SRVLWLYH FORFN QHXURQVPdf-gal4 Pdf > DOO QHXURQVelav-gal4 elav > RU DOO JOLD FHOOV repo-gal4
repo>1RWH WKHSKDVHDGYDQFHFDXVHGE\dHoNQRFNGRZQ LQFORFNFHOOVDQGQHXURQVZKHUHDVJOLDspecific knockdown or ‘driver
only’ controls results in normal behaviour. At least 16 flies were tested for each genotype. BarsVKRZPHDQDFWLYLW\ZLWKLQ LQPLQ
dark bars: ‘lightsoff’, white bars: ‘lights on’, dots indicate VHP E5HDOWLPHOXFLIHUDVHUHFRUGLQJVRIIOLHVH[SUHVVLQJGLIIHUHQWperiod-
luciferase IXVLRQJHQHV0DOHIOLHVZHUHUHFRUGHGLQ/'DQG''DVLQGLFDWHGE\WKHEDUVEHORZWKHSORWVZKLWHDQGEODFNEDUVLQGLFDWH
‘lightson’and ‘lightsoff’ respectively). /HIW)OLHVH[SUHVVLQJluciferase XQGHUFRQWURORIWKHperiod SURPRWHULQDOOFORFNFHOOVLQFOXGLQJ
SHULSKHUDOFORFNVHQFRGHGE\WKHplo WUDQVJHQHJUH\FLUFOHV—tim-gal4:27/+;plo:86-6/UAS-dHo-RNAi:21-1Q EODFNFLUFOHV—tim-
gal4:27/UAS-GFP;plo:86:6/+ Q  0LGGOH )OLHV H[SUHVVLQJ D 3(5,2'/8&,)(5$6( IXVLRQ SURWHLQ LQ DOO FORFN FHOOV LQFOXGLQJ
SHULSKHUDOFORFNVHQFRGHGE\WKHXLG-luc WUDQVJHQHJUH\FLUFOHV—tim-gal4:27/+;XLG-luc/UAS-dHo-RNAi:21-1Q EODFNFLUFOHV—
tim-gal4:27/UAS-GFP;XLG-luc/+ Q  RSHQ FLUFOHV—tim-gal4:27/UAS-attP-51C;XLG-luc/+ Q  1RWH WKDW LQ WKH OHIW DQG PLGGOH
SDQHOVQRVLJQLILFDQWGLIIHUHQFHVDUHREVHUYDEOHEHWZHHQdHo-RNAi DQGFRQWUROIOLHV6LPLODUUHVXOWVZHUHREWDLQHGLQWZRLQGHSHQGHQW
H[SHULPHQWVLQFOXGLQJWKHdHoRNAi:21-8 OLQH5LJKW)OLHVH[SUHVVLQJD3(5,2'/8&,)(5$6(IXVLRQSURWHLQLQGRUVDOFORFNQHXURQV





,W LV GLIILFXOW WR HVWLPDWH DSSURSULDWH FRQFHQWUDWLRQV IRU D &2 WUHDWPHQW H[SHULPHQW EHFDXVH RI WKH
IROORZLQJUHDVRQVL7KHFRQFHQWUDWLRQRIHQGRJHQRXVLQWUDFHOOXODU&2LVRQO\YHU\URXJKO\NQRZQ
DQGRQO\IRUROIDFWRU\UHFHSWRUQHXURQV,QJLet al.GHWHUPLQHGWKH&2SURGXFWLRQWREHQPROPJ
SURWHLQSHUKUDQGDVVXPHGEDVHGRQWKHGLIIXVLRQRI&2that “the amount of CO produced for 10
min is an effective concentration in the cell” thus estimatinJ0HQGRJHQRXV&27RRXU
NQRZOHGJH WKHUH LV QRRWKHU UHSRUWZLWK VLPLODUPHDVXUHPHQWV IRURWKHUFHOO W\SHV ,Q DGGLWLRQ WKH
H[SUHVVLRQOHYHOVRIKHPHR[\JHQDVHVDQGYDU\ZLGHO\EHWZHHQFHOODQGWLVVXHW\SHVDQGHo-1











DQG  )LJE EXW DOVR WDUJHWV RI 5(9(5%Įȕ HVSHFLDOO\ WKRVH ZKLFK FDQ ELQG DOO WKUHH
WUDQVFULSWLRQIDFWRUVQRWVKRZQ&RXOGWKHXSUHJXODWLRQRIFOXVWHUJHQHH[SUHVVLRQDOVREHGXHWR
&2 directly DFWLQJ RQ 5(9(5%Įȕ UHSUHVVRU IXQFWLRQ":KLOH WKLV LV FRQFHLYDEOH EHFDXVH 5(9
(5%ĮȕFRQWDLQKHPHDVDOLJDQGSRWHQWLDOO\FRRUGLQDWLQJGLDWRPLFJDVHVVXFKDVQLWULFR[LGH12
RU &2 LW LV QHYHUWKHOHVV XQOLNHO\ IRU WKH IROORZLQJ UHDVRQV ,QHoGHSOHWHG KHSDWRF\WHVRev-ErbĮ
WUDQVFULSWLRQ LVXSUHJXODWHG)LJD\HWWKHH[SUHVVLRQRI5(9(5%Įȕ WDUJHWV LVDOVRXSUHJXODWHG
VXJJHVWLQJ WKDW  LI DW DOO –HoGHSOHWLRQ OHDGV WR D decreased 5(9(5%Įȕ UHSUHVVRU DFWLYLW\ ,Q
DrosophilaWKHQXFOHDUUHFHSWRU(–WKHFORVHVWKRPRORJWRWKHPDPPDOLDQRev-ErbIDPLO\–DOVR
FRQWDLQV KHPH DQG LWV UHSUHVVRU DFWLYLW\ LV PRGXODWHG DW OHDVW E\ 12 IRU &2 LW LV VWLOO XQFOHDU
+RZHYHU12antagonizesWKHUHFHSWRUDFWLYLW\RI(DQGPDPPDOLDQ5(9(5%SURWHLQV–LI&2
ZRXOG DFW VLPLODUO\ 5(9(5%Įȕ UHSUHVVRU DFWLYLW\ VKRXOG EH increased LQHoGHSOHWHG DQG WKXV
&2GHSOHWHGFHOOVDQGFRQVHTXHQWO\5(9(5%Įȕ WDUJHWJHQHH[SUHVVLRQVKRXOGEHVXSSUHVVHGDQG
QRWLQFUHDVHG





GHSOHWHG FHOOV DFWV QHJDWLYHO\ RQ KHPH ELQGLQJ WR 5(9(5% SURWHLQV WKHUHE\ LPSDLULQJ WKHLU
UHSUHVVRUDFWLYLW\ZKLFKPD\FRQWULEXWHWRWKHREVHUYHGXSUHJXODWLRQRI5(9(5%Įȕ WDUJHWJHQH
H[SUHVVLRQ &RXOG R[LGDWLYH VWUHVV LQ HoGHSOHWHG FHOOV DOVR EH LQGLUHFWO\ UHVSRQVLEOH IRU
&/2&.13$6%0$/ WDUJHW JHQH H[SUHVVLRQ VLQFH R[LGDWLYH VWUHVV DOVR FKDQJHV WKH
1$'3+1$'3 UDWLR WKDW LV UHSRUWHG WR LQIOXHQFH &/2&.13$6%0$/ ELQGLQJ WR WKH
'1$" 3UREDEO\ QRW EHFDXVH R[LGDWLYH FRQGLWLRQV inhibit '1$ ELQGLQJ RI &/2&.13$6
%0$/ZKLOHLQHoGHSOHWHGFHOOV&/2&.13$6%0$/WDUJHWJHQHH[SUHVVLRQLVupregulated
5DWKHUWKDQKDYLQJDdirectHIIHFWRQ5(9(5%PHGLDWHGWUDQVFULSWLRQDOFRQWUROLWLVPXFKPRUH
OLNHO\ WKDW &2 DFWV indirectly RQ 5(9(5%Įȕ WDUJHW JHQH H[SUHVVLRQ via PRGXODWLQJ
&/2&.13$6%0$/'1$ELQGLQJ*LYHQWKHVWURQJRYHUODSRIWKH%0$/DQG5(9(5%Įȕ
FLVWURPHVLWLVSODXVLEOHWKDWGXHWRDSRVVLEOHFRPSHWLWLRQDWWKHFLVWURPHOHYHOHoGHSOHWLRQQRW









=DNKDU\ 5 et al. 7DUJHWHG JHQH GHOHWLRQ RI KHPH R[\JHQDVH  UHYHDOV QHXUDO UROH IRU FDUERQ
PRQR[LGHProc. Natl. Acad. Sci. USA.
*LEERQV 6-9HUKXOVW 3- %KDUXFKD$	)DUUXJLD*5HYLHZ DUWLFOH FDUERQPRQR[LGH LQ




3DUGHH ., et al. 7KH VWUXFWXUDO EDVLV RI JDVUHVSRQVLYH WUDQVFULSWLRQ E\ WKH KXPDQ QXFOHDU
KRUPRQHUHFHSWRU5(9(5%EHWDPLoS Biol.H














D6XSSOHPHQWDU\)LJE$OO JHQRW\SHVVKRZ UREXVWFLUFDGLDQ UK\WKPLFLW\ZLWKQRUPDO IUHHUXQQLQJ
SHULRGV 56 0HDVXUH IRU UK\WKP VWUHQJWK 6HH0HWKRGV VHFWLRQ IRU GHWDLOV DQG FDOFXODWLRQ RI UK\WKP
SDUDPHWHUV
10
